Abstract Immunotherapy has become the fourth cancer therapy after surgery, chemotherapy, and radiotherapy. In particular, immune checkpoint inhibitors are proved to be unprecedentedly in increasing the overall survival rates of patients with refractory cancers, such as advanced melanoma, non-small cell lung cancer, and renal cell carcinoma. However, inhibitor therapies are only effective in a small proportion of patients with problems, such as side effects and high costs. Therefore, doctors urgently need reliable predictive biomarkers for checkpoint inhibitor therapies to choose the optimal therapies. Here, we review the biomarkers that can serve as potential predictors of the outcomes of immune checkpoint inhibitor treatment, including tumor-specific profiles and tumor microenvironment evaluation and other factors.
Introduction
The use of immune checkpoint inhibitors has been one of the hottest frontiers of cancer therapies in recent years. Since the approval of the first therapeutic monoclonal antibody targeting immune checkpoint cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) in 2011, six immune checkpoint inhibitors for three targets have been approved for more than 10 applications. Immune checkpoint therapies have developed rapidly owing to their high efficacies and low side effects relative to those of chemoradiotherapy in advanced cancers. Furthermore, several immune checkpoint inhibitor therapies have achieved remarkable results. The objective response rates of immune checkpoint inhibitor medications pembrolizumab and nivolumab in the treatment of melanoma are 40%-45% [1] [2] [3] [4] [5] . The combination therapy of pembrolizumab and chemotherapy has become the first-line treatment for non-small cell lung cancer (NSCLC) [6] . Single-drug pembrolizumab first-line treatment for local advanced or metastatic NSCLC in key phase III KEY-NOTE-042 study has reached the main endpoint [7] . The success of CheckMate-227 extends the application of nivolumab to advanced NSCLC first-line drugs with tumor mutation burden (TMB) greater than 10 m/Mb [8] . The success of another clinical trial, IMpower150, extends the first approved PD-L1 inhibitor atezolizumab as the firstline medication of advanced NSCLC. Moreover, phase III clinical trials (CheckMate-214) involving 1096 patients showed that the combined treatment of nivolumab and ipilimumab exhibits a much better curative effect in advanced renal cell carcinoma (RCC) than the first-line treatment scheme recommended by the current guideline [9] .
Although immune checkpoint inhibitors show promising results in various tumors, only 20%-40% of patients benefitted from the treatment [10, 11] . The results of an ipilimumab study showed that the objective response rate of ipilimumab is quite low and only 22% of patients with advanced melanoma survived for more than 3 years after treatment [12] . Furthermore, the combination of checkpoint inhibitors caused severe immune-related side effects, such as dermatitis, enteritis, and hepatitis. In CheckMate-067, 55% of the patients (172 in 313) suffered grades 3 and 4 side effects due to the combined therapy of nivolumab and ipilimumab, whereas nivolumab or ipilimumab caused only 16% (51/313) and 27% (85/313) suffered grades 3 and 4 side effects when the drugs were individually used [4] . As new drugs, immune checkpoint inhibitors show an average annual cost of more than $100 000, which is doubled in combined treatment.
Therefore, establishing predictive biomarkers that maximizes the efficacy of checkpoint inhibitors is important.
One or more biomarkers can be used to predict the effectiveness of treatment and aid the decision-making of oncologists. Overall response rate and the risk of side effects are extremely high when nivolumab and ipilimumab are used in combination. Under such circumstance, relevant biomarkers can be used in determining whether a single drug or drug combinations should be used. However, developing emerging immunotherapies is challenging. The easily defined driver mutations are critical for current companion diagnostics development. The response to immunotherapy is not determined by "driver mutations" but by the complex interactions between tumor cells and the immune system [13] .
Tumor-specific profiles
Unlike molecular targeted drugs that possess well-defined targets, biomarkers are difficult to use in immunotherapy because the tumor-immune process involves the complex interactions between tumors and the immune system. Moreover, immune response varies according to the characteristics of tumors. Currently, five of the six immune checkpoint inhibitors target programmed death-1 (PD-1) and its ligand PD-L1, which is highly expressed in numerous tumors. The binding of PD-L1 to PD-1 on T cells renders tumor cells undetected by immune surveillance, thereby facilitating the proliferation and metastasis of tumor cells. Genomic instability is another important potential tumor biomarker and is closely related to tumor heterogeneity and drug resistance. Driver mutations are the main targets for molecular targeted drugs and are broadly involved in carcinogenesis. However, the direct correlation among driver mutations and the response of patients to immune checkpoint monoclonal antibodies are unknown [13] . The overall mutation burden of tumor may influence the effects of immune checkpoint monoclonal antibodies (Fig. 1 ).
PD-L1 expression level
PD-1, PD-L1, and PD-L2 (the other ligand of PD-1), the targets of PD-1/PD-L1 inhibitors, are preferred for predicting the efficacies of PD-1/PD-L1 inhibitors. PD-L1 expression in tumors shows stronger correlation with antitumor response in patients than PD-1 expression and thus a better predictive marker [14] . No obvious correlation has been found between patients' clinical response and PD-L2 expression, although PD-L2 can be detected within a similar area of PD-L1 expression. In summary, the PD-L1 (Fig. 1) has the greatest value for predicting the efficacy of PD-1/PD-L1 therapy among the immune checkpoints [15, 16] .
Owing to its excellent prediction potential, PD-L1 expression is extensively applied in the clinical field. Until now, FDA has approved five PD-L1 clinical trials for the adjuvant or companion diagnosis of PD-1/PD-L1 inhibitors. The clinical trials of nivolumab showed that PD-L1 expression predicts clinical response in patients with melanoma, NSCLC, platinum-resistant prostate cancer, RCC, or colorectal cancer. PD-L1 expression on tumor surfaces can be detected by immunohistochemistry (IHC) before treatment and compared with the PD-L1 positive cutoff value of 5%. Under this standard, the response rate of PD-L1 positive patients is 36% (9/25), and no PD-L1 negative patient responds to treatment (0/17) [17] . Basing on these results, FDA approved PD-L1 expression for its use in the adjuvant diagnosis of nivolumab therapy [1, 2, 4, 18] . If the clinical trial of nivolumab proves the potential of PD-L1 expression as a predictive biomarker, then the clinical trial of pembrolizumab turns this potential into reality. Three pharmDx tests as companion diagnosis devices have been approved by FDA and can be used for PD-L1 detection in pembrolizumab treatment. In the clinical trial KEYNOTE-001 assessing the likelihood of PD-L1 expression correlation with clinical benefit, the response rate and median overall survival (mOS) of NSCLC patients with PD-L1 expression higher than 50% increases by 45% and 11%-17%, respectively, relative to those of patients with PD-L1 expression under 50% [3] . In a different trial KEYNOTE-042, NSCLC patients identified with more than 1% PD-L1 expression have higher response rates and mOS than those with expression of less than 1%. FDA also approved two other PD-L1 tests for companion diagnosis and adjuvant diagnosis for atezolizumab and durvalumab [7] (Table 1) .
However, the practical use of IHC for detecting the expression level of PD-L1 is still problematic. Although the increase of response rate in PD-1/PD-L1 inhibitor treatments correlate with the upregulation of PD-L1 expression, some patients with negative PD-L1 expression respond to these treatments, and thus PD-L1 expression is the only effective biomarker for PD-1/PD-L1 inhibitor efficacy. For example, although patients with positive PD-L1 expression show great potential to improved response and survival, several independent studies have shown that a small portion of patients with negative PD-L1 expression can also benefit from nivolumab therapy, and this result causes a clinical and ethical false negative by IHC testing that excludes patients who may also benefit from the therapy. In summary, both biological and technical complexities hamper the maturation of PD-L1 expression as a universal predictive biomarker for immunotherapy [19] . Underlying the false negatives, several objective factors influence the accuracy of PD-L1 expression as a single perfect biomarker for checkpoint inhibitors. First, PD-L1 expression in a single tumor sample of a cancer patient can be affected by numerous factors. Therefore, determining the clinical benefit of immunotherapy by only evaluating the expression of PD-L1 in a single tumor sample is insufficient. Among immune mechanisms, PD-L1 expression is a secondary product that can be induced by proinflammatory cytokines and is thus dynamic [14] . This finding raises a question of whether a single tumor sample collected during initial diagnosis can reflect a patient's current state, particularly after multiple antitumor treatments. PD-L1 expression is regional and is mainly expressed in areas where tumor cells and lymphocytes accumulate. Therefore, owing to the limitations of sampling, considering the possibility of false negatives is necessary [20] . In the sample evaluation of immunotherapy patients with RCC, PD-L1 expression inconsistency between the two different sampling areas is found in 20.8% of patients. This result indicates that tumor immune heterogeneity also affects the evaluation of the accuracy of overall PD-L1 expression [19] . Therefore, using PD-L1 as a single predictor is unlikely. Many research groups attempted an automatic analysis of multi-IHC result to predict the response of patients to immune checkpoint inhibitors [21, 22] .
In addition to these objective factors, technical factors affect the determination of PD-L1 expression by IHC. Different pharmaceutical companies use different companion diagnostic techniques to determine the efficacy of PD-1 inhibitors. Correspondingly, IHC methods used to detect PD-L1 expression are diverse [23] . Different studies use different cutoff values to define PD-L1 positivity. Without a universal standard, collecting a large amount of data for the assessment of the pros and cons of using PD-L1 as a companion diagnostic predictive marker or cross-comparing the patient's prognosis is difficult [24, 25] . Furthermore, PD-L1 is expressed not only in tumor cells but also in other components of the tumor microenvironment, such as macrophages and lymphocytes.
Researchers have exerted considerable effort to overcome these technical problems and have already achieved some accomplishments. Not long after the advent of companion diagnostics, pharmaceutical companies and companion diagnostic companies have reached a consensus on the use of PD-L1 expression as a predictive marker for anti-PD-1/PD-L1 therapy and developed a preliminary protocol. The purpose of this protocol is to conduct cross-industrial cooperation, analyze and compare information generated by different diagnostic results, and promote the establishment of post-marketing standards and practical guidelines. In the past two years, 81 patients with NSCLC treated with pembrolizumab or nivolumab have been tested by using Ventana SP263, Dako 28-8, and Merck 22C3. Further study showed that different detection methods have good consistency (96%) [26] . Although this result was exciting, the results of the additional tests performed in other different tumors must be further verified.
Mutation burden, neoantigen burden, and genome instability
In addition to the expression of PD-L1 on the tumor surface mentioned above, several other tumor characteristics relating to immune process, such as tumor mutation burden (TMB) (Fig. 1) , also show great potential for development into predictive biomarkers. The response of immune checkpoint inhibitors are not significantly correlated with driver mutations [13] , but the overall mutation burden may affect the response of immune checkpoint inhibitors [27, 28] . Tumor mutation-related database searching shows that different tumor types undergo different somatic mutations. The approved indications of PD-1 and PD-L1 inhibitors for melanoma, lung cancer, and bladder cancer show the highest median burden of mutations [29] .
The clinical response of checkpoint inhibitors is related to the total mutation burden of tumor cells. One study analyzed the correlation between mutational burden and clinical outcomes by sequencing the whole exons of patients with advanced melanoma treated with ipilimumab. Patients with numerous mutations and nonsynonymous mutations show long overall survival (OS) rates [30] . Similarly, two groups of retrospective studies of pembrolizumab analyzed the mutation burden of patients with advanced NSCLC and found that patients with high nonsynonymous mutation burden show long median progression-free survival. In other words, patients with high mutational burden show a long sustained clinical benefit ( > 6 months) [28] . The Phase II clinical trial of atezolizumab in the treatment of advanced bladder cancer patients shows that the median mutation burden is significantly higher in patients who responded to treatment than in patients who did not. The response rate is not associated with tumor genome expression subtypes and immune cell subtypes [31] . In CheckMate-227 led by Memorial Sloan Kettering Cancer Center, advanced lung cancer patients with high TMB (more than 10 m/Mb) and who accepted an Opdivo + Yervoy antibody combinational immunotherapy exhibit a better PFS and ORR than patients who received pemetrexed [8] . However, some patients with high mutation burdens do not respond to immune checkpoint inhibitors, although some with low mutation burdens still respond.
This result poses a question about how to link mutation burden to patients' response to immunotherapy. Immune response is believed to be primarily induced by newly produced antigens rather than by high non-synonymous mutation burden because of the mutation burden. T cells that do not react to existing antigens can react to antigens generated owing to the increased mutation rate of tumor cells. Most of these mutations are "passenger mutations," which can affect the immune editing process and exert selective pressure on the immune system [19, 32] . Rizvi and colleagues found that in patients responding well to pembrolizumab, the reactivation of neoantigen-specific T cells is correspondingly increased, indicating that the specific neoantigen is the main driving force of response to immunotherapy. They also found that response to pembrolizumab is associated with the biomarkers of tobacco carcinogen-related mutations and patients with high smoking labels show a great likelihood of responding to PD-1 therapy [28] . Immune checkpoint inhibitors exhibit therapeutic effects on other smoking-related malignancies, such as esophageal cancer, head and neck squamous cell carcinoma, and bladder cancer. In addition to the overall mutation burden and the neoantigen burden, low heterogeneity of neoantigen within a tumor is a noticeable factor.
McGranahan et al. found that NSCLC patients with high mutational burdens and low tumor heterogeneity received continuous benefit from pembrolizumab treatment [33] . The quality of neoantigen rather than its quantity seems to be crucial to the initiation of immune checkpoint inhibitortriggered immune response. Activated antigens or neoantigens are functionally homologous to microbial or viral antigenic peptides [30, 34] . Birnbaum et al. found that T cell receptors (TCRs) that recognize antigen peptides presented by the class I and class II of major histocompatibility complex I and II can cross-react with thousands of related peptides. The core sequence of these peptides is normally 45 amino acids. The peptide segments among these peptides are extremely similar to some of the genomic fragments in the microorganisms in the environment [34] . Snyder et al. discovered novel potential antigenic peptides with tetrapeptide cores in patients who responded to CTLA-4 mAb therapy [30] . However, Van Allen et al. did not find a common core tetrapeptide in their trial [35] . A vaccine or specific RNA for a new antigen can be designed to treat tumors with good clinical effect. This work establishes the presence of neoantigens from the side.
Interestingly, mutations of tumor cells, especially mutations involved in DNA replication and mismatch repair, are associated with the effects of tumor immunotherapy. The high-fidelity replication of DNA was performed by the DNA polymerase and the respective exonuclease proofreading domain encoded by POLE and POLD. The mismatch repair (MMR) protein also plays a vital role in ensuring DNA integrity. The probability of an intact DNA polymerase in making a replication error is 10 -5 to 10 -4 ; however, after the effect of MMR proteins, the probability of error is reduced to 10 -10 [36 -38] . The presence of MSI, which indicates mutations in the MMR protein, correlates strongly with the clinical benefit of treatment with immune checkpoint inhibitors (Fig. 1) . The junction of these mutant phenotypes with the immunotherapeutic responses can be explained by the production of neoantigens. Le and colleagues showed that MMR-inactivated patients with colorectal cancer and other cancers show an improved clinical response to pembrolizumab therapy [27] . Similarly, NSCLC patients with mutations in the POLE and POLD genes also exhibit objective clinical response to pembrolizumab therapy. Therefore, the clinician can determine whether the patient can benefit from immunotherapy based on the patient's DNA mismatch repair ability [28] . In May 2017, FDA approved the use of pembrolizumab by Merck in the treatment of all MSI-H/dMMR solid tumors. Le et al. evaluated the effect of using PD-1 inhibitors in 12 different types of cancers with severe MMR deficiency. Approximately 53% of the patients show an objective imaging response, 21% show a complete response and a longlasting response, and the median progression-free survival is prolonged [39] .
Transcriptome tag
Nongenomic tags may also serve as predictive biomarkers for predicting immunotherapeutic response. Studies of transcriptome tags have been carried out from a PD-1 monoclonal antibody test treating melanoma patients, in which the unique innate label of the anti-PD-1 mAbrelated marker (innate PD-1 resistance to the monoclonal antibody, IPRES) was discovered. Twenty-six other transcriptome tags (IPRES as well) were revealed by RNA sequencing and gene cluster analysis of tumor samples of 28 melanoma patients treated with PD-1 inhibitors. By those studies, patients with rich IPRES usually show short survival rates. Similar transcriptome subtypes can also be found in other tumors type from the Tumor Genome Database, suggesting that IPRES may also be useful on other occasions [19, 40] .
Tumor microenvironment
The antitumor immune process mentioned above is essentially the interaction between tumor and immune system and not only relates to the characteristics of the tumor itself but also to components in the tumor microenvironment. These components include immune cells and associated molecules that can assist or hinder immune response [19] . According to the patterns of T cells or inflammatory T cell infiltration, the tumor microenvironments can be classified into two types. The first type is enriched with T cells or inflammatory cells and is often accompanied by the upregulated expression of T cell activating factors, type I interferon, and Th1-related cytokines and chemokines, which may in reverse contribute to the recruitment and function of T cells. In the second type, the proportion of inflammatory T cells is lower than any of the other types of immune cells or components, such as tumor-associated macrophages (TAMs), myeloid-derived suppressor cells (MDSCs), and some immunosuppressive factors (Th2-related cytokines and chemokines) are found. Cells in these two kinds of microenvironments are involved in different immune processes. Immune activation cells include CD8
+ cytotoxic T cells, CD4 + Th1 cells, NK cells, and mature dendritic cells. Immune suppression cells include TAMs and MDSCs. Some soluble molecules and membrane proteins are associated with certain tumor microenvironment as well [41] . In the following part, we will discuss these components as potential markers in tumor microenvironments associated with companion diagnostic targets (Fig. 1) .
Tumor-infiltrating lymphocytes (TILs)
Among the factors in tumor microenvironment, TILs (Fig. 1) may be of the greatest value for the prediction of prognosis and response to therapy of many solid tumors and cancers, such as colorectal cancer, stem cell carcinoma, gallbladder cancer, esophageal cancer, ovarian cancer, endothelial cell carcinoma, cervical cancer, bladder cancer, NSCLC, prostate cancer, head-and-neck cancer, and breast cancer [42] [43] [44] [45] . Patients with tumors infiltrated by TILs are more susceptible to immunotherapies [41] . Studies by Galon showed that CD3-and CD8-positive colorectal cancer patients exhibit significantly high OS rates [42] . Patients with CD8-positive melanomas show high PD-L1 expression, improved prognosis, and delayed brain metastasis [46] . Meanwhile, patients with CD3-positive ovarian cancer exhibit high PFS and OS rates [47] . Moreover, T cell-activating factors expressed by TILs in tumor tissues, such as CD25 and CD134 (OX40), correlate with long survival rates in patients with metastatic melanoma [48] . The infiltration levels of CD4 and CD8 positive T cells are prognostic indicators in NSCLC [49] , whereas other immune activation markers are still under study, such as inducible T cell co-stimulator (ICOS), which belongs to CD28/CTLA-4 family and is expressed after activation of T cells. ICOS is believed to play an important role in the proliferation of T cells and production of memory T cells. In the new adjunctive therapy trial of ipilimumab treating bladder cancer, the number of high ICOS and CD4-positive T cells increased inside and around the tumors among 12 patients, which may be associated with the clinical response of ipilimumab therapy. A similar phenomenon is also observed in trials of ipilimumab or pembrolizumab treating prostate cancer, breast cancer, and mesothelioma [50] [51] [52] [53] or pembrolizumab treating melanoma [54] . These ICOS + CD4 + T cells data can be used to monitor the bioactivity of CTLA-4 antibodies [32] .
The survival extension in patients with colorectal cancer, melanoma, or NSCLC is related to the infiltration of lymphocytes in tumor biopsy samples [55] [56] [57] . The structural heterotopia of lymph node in colorectal cancer and melanoma indicates good survival in cancer patients [58] . In the biopsy samples of stage III NSCLC patients, PFS and OS of patients with high lymphocyte density and CD8 + TILs are longer than those with low densities [59] . Inflammatory T cells in tumor microenvironment are related to improved clinical benefit of melanoma-associated antigen 3 vaccine and high dose interleukin-2 (IL-2) immunotherapy [41] . Therefore, the base status of TILs may also be used to predict the efficacy of immune checkpoint inhibitors [60] .
Apart from the interesting and meaningful findings mentioned above, CD8 + T cells exist in patients regardless of whether they respond or not to immunotherapy, indicating that efforts are still needed before TILs can be developed into an independent biomarker for predicting the clinical effect of immunotherapy. In stage II clinical trial of ipilimumab for the treatment of metastatic melanoma patients, TIL status is not directly associated with improved clinical outcome (complete or partial response and PFS). However, after two courses ipilimumab treatment, the bioactivity of TILs in tumor biopsy samples is related to improved clinical indexes [61] . In the later KEYNOTE-001 trial by Tumeh and his colleagues, TILs correlate with the response to pembrolizumab treatment in patients with melanoma. By quantification of TILs in and around tumor tissue, CD8
+ T cells instead of CD4 + T cells of tumor samples from patients responding to therapy, whether in or around tumor tissues, are more than those from non-responding patients [25] . Similar with the ipilimumab trials treating metastatic melanoma, in the test of pembrolizumab, CD8
+ T cell level continuously increases in responding patients, whereas no change was found in non-responding ones [51] . In another research of pembrolizumab treating melanoma, compared to nonresponding patients, the base densities of CD8 + and CD3 + T cells in responding patients are moderately related to CD45RO + T cell, whereas after PD-1 treatment, these two factors are significantly correlated. However, given the existence of CD8 + T cells in both responding and nonresponding patients, the number of TILs is less likely to be an independent biomarker in predicting the clinical effect of immunotherapy [60] .
Immune score
Immune cells distribute both in and around tumor tissue. A score matrix evaluating the distribution of TILs in both sites can be a good tool for tumor classification and therapy response prediction, increasing the accuracy of OS prediction of early-stage colorectal cancer and providing evidence for theoretical studies on the infiltration of immune cells in the interior and edges of the tumor [42, 62] .
This evaluation is called the immune score, which levels the concentration of the two lymphocytes cytotoxic T cells (CD8 + ) and memory T cells (CD45RO + ) inside tumor and surrounding the infiltration region. This evaluation system scores from 0 to 4, represented by I0 to I4, which refer to a low and high concentration of both lymphocytes in both sites, respectively [62, 63] . The immune score had already been applied in prognosis in colorectal cancer [64, 65] . According to the tumor TNM classification system by American Joint Committee on Cancer (AJCC), an international union of cancer, the immune score was used by Mlecnik and his colleagues in an evaluation on the relationship between scores and procession of primary tumor and recurrence rate of 599 stage I colorectal tumor patients. The immune score is strongly correlated with disease-free survival, disease-specific survival, and overall survival, and patients with coordinated T cell responses usually show improved prognosis. Multivariate analysis also verifies that the immune score system is better than the TNM classification system of AJCC in predicting the recurrence and survival of patients with colorectal cancer [65] . In a study by Pagès et al., the immune score system is used as an independent predictor for tumor recurrence and survival in early-stage colorectal cancer patients, confirming that the score is directly related to the levels of immune response in tumor sites and prognosis [44] . The prediction effects of the immune score in various international clinical trials are quite promising [66] .
The immune score may become a potential marker of patients' response to immune checkpoint inhibitors by considering the relationship between the presence of CD8 + T cells at the margin of tumor infiltration and the expression of PD-1 and PD-L1 in tumor and tumor microenvironment [25, 62, 67] . The application of the immune score in predicting melanoma is being studied.
However, the evaluation standard of immune score is still a challenge because of the complexity of immune response in melanoma. To date, the immune score assessment of melanoma has been applied in evaluating metastatic lymph node tissue samples, which are the most easily available malignant tissues in patients. The immune score can be helpful for treatment planning and is especially beneficial for stage III patients after tumor resection and lymph node dissection. However, the effectiveness of lymphedemaonly evaluation methods is still questionable because lymph nodes are rich in CD3 and CD20 positive lymphocytes and exhibit different patterns of immune infiltration compared with other metastatic lesions. Further studies are ongoing assessing the relationship between different immune patterns and the response and benefit of patients with malignant melanoma to immunological checkpoint suppressive therapy [64, 67] .
The immune score is also one of the candidate biomarkers in NSCLC. Analysis of tumor slides from 536 stage I NSCLC patients shows that high positive expression of PD-1 in lymphocytes and intraepithelial TILs is associated with high disease-specific survival (HR = 1.81; 95% CI 1.37 -2.40; P < 0.001). Multivariate analysis shows that these two factors contribute significantly, indicating that they are independent prognostic factors [68] .
Although the knowledge of immunological scoring gained from current studies is exciting, technical barriers still need to be overcome to apply this promising technique to conventional clinicopathological and oncology practices. Strong software solutions are required to automate the analysis of TILs, speed up processing and turnover, and accurately and effectively quantify the density of large numbers of immune cells [62, 64] . The importance of developing and maintaining international consensus on immunological scoring definitions and methodological strategies will increase as the concept of immune scoring continues to be applied to all aspects of the clinic [66] .
Multi-factor evaluation
Multiple factor evaluation system is used to assess the results in multiple clinical trials. For example, multispectral IHC method is used to analyze the expression of CD3, CD8, forkhead box P3 (FoxP3), CD163, and PD-L1 in melanoma tissue sections to predict whether patients receiving adoptive cell therapy can successfully produce TILs. CD8 + T cells alone are not sufficient to predict the existence of TILs, but the successful growth of TILs is closely related to the proportion of T cells regulated by CD8
+ T cells and CD3 + FoxP3 + (P = 0.006, positive predictive = 91%, negative predictive = 86%) [21] . Tumeh and his colleagues used this multi-factor evaluation in the KEYNOTE-001 test of pembrolizumab therapy [25] .
Other markers

Biomarkers in the serum
Biomarkers in serum are easily accessed and noninvasive to patients, which make them potential diagnostic markers with great clinical values in the future. Currently published studies have reviewed peripheral blood biomarkers in immunotherapy [19] . Potential biomarkers in the blood can be soluble molecules, such as serum protein and circulating tumor DNA, or cells, such as tumor cells, T cell subsets, or other immune cell subsets. The study of soluble molecules in serum as biomarkers dates back to the late 1990s. The potential effects of soluble proteins in serum of patients was first recognized in the study of high-dose IL-2 in the treatment of melanoma and RCC. The main results of immune checkpoint inhibitors are derived from the study of ipilimumab. The upregulation of vascular endothelial growth factor and C-reactive protein (Fig. 1) is observed in patients from the clinical trials of both ipilimumab and IL-2 therapies [69] . Serum lactate dehydrogenase (LDH) (Fig. 1 ) levels are negatively correlated with clinical responses of patients [70, 71] .
Similar to serum soluble molecules, peripheral blood cells, such as T cells, NK cells, dendritic cells, macrophages, and tumor cells, are also potential predictors (Fig. 1) . Among these factors, lymphocytes are the most commonly studied. In a study on ipilimumab, reduction of regulatory CD4
+ FoxP3 + T cell and the increase of the absolute number of lymphocytes during treatment are significantly associated with disease control rates and survival rates [72] . In other similar trials, the increase of absolute lymphocyte counts (ALCs) and the improvement of clinical benefit are simultaneous. However, from some other studies, ALCs always increase whether or not the patients benefitted clinically [73] . In the study on 209 patients by Martens et al., multiple changes are related with improved prognosis, including low LDH and high number of lymphocytes, monocytes, eosinophils, and regulatory T cells, suggesting that the evaluation of multiple dynamic cell groups may be a good predictor [74] . Studies also involve neutrophils, MDSCs, and autoantibodies. In general, rather than predictive, these markers may exhibit strong indicating effect on prognosis [73, [75] [76] [77] . In general, although these indicators can be commercially useful, some problems are still unsettled, concerning clinical algorithms for treatment decisions and accompanying diagnostic testing.
Microbiome
In recent years, an increasing number of studies have pointed out the connection between the gut microbiome and efficiencies of checkpoint inhibitor immunotherapies. The human body is a symbiont of a human being and various microbes. The effect of microbes on human growth is a comprehensive metabolic process. Microbes can change human antitumor immunity in various ways. Individual microorganism groups may affect patient response to immune checkpoint inhibitors, making human microbiome a potential biomarker for such therapy [78] . In 2015, two articles in Science showed that some microbes can improve the response of mice to CTLA-4 monoclonal antibodies [79, 80] . In early 2018, two papers from Science reported the similar fact [81, 82] . Certain microbes, such as Bifidobacterium longum, Collinsella Aerofaciens, and Enterococcus faecium, are also found to increase the response of melanoma patients to PD-1 antibodies [83] . The correlation between microbial groups and the effect of immunological checkpoint inhibitors still require confirmation [78] .
Summary
With the study of predictive markers for checkpoint inhibitors therapy getting increasingly comprehensive, many reviews or related articles are systematically classified and sorted these competitive or potential predictive biomarkers or summarized the clinical application of each of them. Recently, the development of immune checkpoint inhibitor biomarkers has benefitted from the achievements of some large-scale prospective clinical trials. The most widely studied immune checkpoint inhibitor biomarker is the PD-L1 expression in the tumor-specific profile. Although, a series of blockades of PD-L1 expression to overcome still exists, four companion diagnostic tests and two auxiliary diagnostic tests have already been approved by the FDA. TMB and microsatellite instability are also most likely to be adopted as predictive biomarkers. On the other hand, the evaluation of tumor microenvironment can be very useful theoretically considering it being a direct reflection of interaction of tumor and immune cells in immunotherapy, although it is still not being used in the clinic. The use of biomarkers in the peripheral blood and microbiome as an actual predictive biomarker for checkpoint-based therapy is still distant. research protocol requiring approval by a relevant institutional review board or ethics committee.
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